Simultaneous acceleration of several beams in the same machine by several RF fields of slightly different frequencies was already considered a long time agol12).
line-density proton beam, necessary for antiproton production, is obtained in the CPS by azimuthal combination, either at the injection or at the ejection level. On the other hand, the antiproton bunches in the SPS must be azimuthally combined before storage in order to achieve the design luminosity. Computer simulation and RF manipulations of these procedures, as well as experimental results already obtained at the CPS, are presented.
Bunch behaviour when submitted to two RF waves
We assume that two sets of bunches, called B1 and B2, having different energies are circulating in the same machine. Each beam is hopefully held bunched by its own RF wave of frequency fI, f2 respectively. The question is to see whether bunches B1 feel only the frequency f, and vice-versa. Intuitively we know that if the frequency difference is large the frequency f2 is far from being synchronous with bunches B1 and its effect will be small. More precisely the total RF wave can be considered as the wave f, strongly modulated in amplitude and phase (100% modulation) at the difference frequency Af = f2 -fl. From this, one expects a large effect when the ratio a = Af/fs (fs: synchrotron frequency corresponding to one wave) becomes of the order of unity. It has been shown2) that an approximate condition for beam independence is that the buckets do not touch, which, for stationary buckets, corresponds to the condition a > 4. A computer simulation has been made in order to evaluate the bunch distortions as a function of a and the bunch size3). The bunch is assumed to be matched at the beginning of the process. Fig. 1 5 (+l,-O) RF periods to be superimposed. As the bunch area to bucket area ratio is small (8 mrad/18 mrad) the expected bunch distortion is little. By counting an integer number of periods of the difference frequency f2 -fl, one generates a trigger pulse which starts the combination. All ten RF cavities are then connected to the normal phase loop system and their voltage set to the maximum (20 kV) to provide maximum acceptance (" 50 mrad). In order to avoid phase transients, the phase lock system is presynchronized on f1 during the drifting period. If frequencies f1 and f2 are held constant the two beams spiral inwards because of the rising magnetic field which limits a to about 5. They can also be programmed to give no radial displacement which allows more flexibility. In the CERN pp project, the antiprotons are injected in the SPS under the form of 12 equispaced bunches. At the storage energy (270 GeV flat top) these bunches are combined in pairs to obtain the design luminosity. The reason to inject 12 bunches instead of 6 is a lack of bucket area at low energy. Adjacent bunches are first separated in momentum as described in chapter 3, up to a large enough frequency difference (a = 10). Just before they superimpose in azimuth, their energy difference must be reduced in order to minimize the final beam emittance. During this period (approaching), no phase lock system can be used. The two frequencies f1 and f2 are progranued linearly (df/dt = constant).
A number of computer simulations have been made to optimize the parameters a, df/dt and VRF in order to achieve the minimum bunch area after combination. The phase space plots corresponding to the optimum case are shown in Fig. 3 Os is prograsmed as an offset of the phase discriminator. When a = 4 is reached, switch S2 is opened, keeping the RF frequencies fl, f2 constant, without phase lock. 
